The optimum plot size is required at the time of experiment lay out to obtain the accuracy and reliability of the experimental result. In absence of uniformity trail, an alternative procedure is described to get the idea of optimum plot size. The process involves for determining the accurate estimate of soil heterogeneity coefficient followed by optimum plot size through the past experimental data of split plot design and the expression for the determination of soil heterogeneity has been derived and illustrated through several artificial and real data. The result indicated the considerable gain in efficiency to the tune of 19 and 22 per cent in some cases. This procedure leads to the saving of plot size from 20 per cent to 75 per cent.
INTRODUCTION
The size of the plot is an essential factor to be decided while laying out the field experiment. The estimates obtained from the experiment are based on the certain precision. The studies show that larger the plot size, lesser will be the variance, but we cannot have the much larger plot as it will invalidate the assumption of blocking and will increase the cost of experimentation. Thus the optimum plot size for an experiment is necessary, which is a function of soil heterogeneity and other cost considerations There are several methods for determining the optimum plot size. But the most widely used methods are maximum curvature method and Fair field Smith's variance law. The maximum curvature method involves combining the basic units of uniformity trials either row wise or column wise or both ways to form new units. The maximum curvature graph of C.V. against plot size is taken as optimum plot size. In case of Fair field Smith's variance law an empirical model describing the relationship between plot size and variances of mean per plot is fitted. The value of regression coefficient of equation Vx = V1/Xb gives the estimation of correlation between contiguous units and it ranges from 0 to 1. In past, the estimate of the soil heterogeneity has been obtained from uniformity trial data which follows a widely used Fairfield ( ). ( ) obtained the soil heterogeneity through previously conducted experimental data.
( ) used weighted regression coefficient for estimating the soil heterogeneity through randomized block design (RBD) on previously conducted experimental data. While ( ) used the unweighted regression coefficient through split-split plot design. Their study shows that weighing the variance-covariance matrix results in the efficient estimation Smith's variance Law 1938 Koch and Rigney 1951 Hatheway and Williams 1958 Islam et al. 2000 of optimum plot size. But, no methodology has been defined to determine the optimum plot size through past experimental data using weighted regression soil heterogeneity coefficient in split plot design which is the most commonly and widely used design in agricultural field. This present study has been undertaken to define the procedure by deriving the expression for weighted regression coefficient in split plot design estimating soil heterogeneity and studying the cost estimates in the treatment of main and sub-plot with following objectives : To derive the expression for weighted regression coefficient in split plot design, the steps involved are (a) estimation soil heterogeneity, (b) estimation of plot size and (c) measuring the stability of ratio of cost estimates w.r.t. main plot and sub plot. Numerous works on the determination of optimum plot size are available. But most of the work pertains to uniformity trial experiment. Very little work is available on determination of optimum plot size through past experimental data. ( ) developed an empirical relationship between plot size and plot variance. This variance low is expressed by the equation. Log Vx = Log V1-b log x Where, Vx is the variance of yield per unit area among plots of size 'x' units. V1 is the variance among plots of size unity and 'b' the regression coefficient indicates the relationship between adjacent individuals or units.
( ) estimated soil heterogeneity from past field experiments. The quantity used by them as the, measures of soil heterogeneity was the regression coefficient 'b' as described by Smith. They reported from 15 experiments on tobacco which gave an average 'b' value of 0.55 for yield. For eight of the experiments 'b' values were calculated for crop value also and gave an average 'b' for this character of 0.54. Ten cotton experiments were also examined by them and an average 'b' and value of 0.49 was obtained.
( ) presented a method of weighting observed variances of different size plots which leads to estimates of soil Smith 1938 Koch and Rigney 1951 Hatheway and Williams 1958 heterogeneity coefficient with minimum variance. This method is suitable for both of uniformity trial data and experimental data. The ANOVA is constructed by them to simulate the variances of different sizes plot derived directly from uniformity trial data.
( ) noted that the C.V. decreased with increase in plot size for any given shape of plot. The reduction in C.V. with increased plot size was practically negligible beyond 36.6m2 in the case of paddy. The number of replications required for a given level of accuracy for a fixed block size decreased with the increase in plot size and the area required with smaller plots was less. For a given size and shape of plot, block efficiency was more for compact block. There was an appreciable gain in information due to compounding with larger plots. Incomplete block with small plots for varietal trials were not advantageous as compared to R.B.D.
( ) noted that in the case of potato the C.V. was found to decrease with increase in the plot size upto 8.40 m beyond which the decrease was not appreciable. This indicated that the smallest plot was most efficient. When cost considerations were taken into account the smallest size was found to be optimum with given size and shape of the plot. Block efficiency generally decreased with increase in the block size, but the shape of the block had no consistent effect.
( ) found that by arranging the trees row wise the reduction in C.V. was more rapid than when the trees were arranged column-wise. This indicated row-wise arrangement of plots ensured more homogeneity than arranging them column-wise. The C.V. decreased with the increasing the size of plots. The formation of blocks was not helpful in reducing variation.
( ) noted that the C.V. decreased with an in increase in the plot size. When a limited area was available for experiments, the smallest plot size was the most efficient. The number of replications required for a given level of accuracy decreased with an increase in the plot size. The block efficiency decreased with an increase in the plot size.
( ) showed that for any given shape of plot the C.V. decreased with an increase in the plot size. For a given size of plot, the plots elongated in the North-South direction (across the rows) showed less variability than these elongated in the West-East direction. For a given experimental area, the efficiency of the smallest plot was the highest.
( ) found that the C.V. decreased with increase in the plot size. The equation Y = aX-b gave a good fit to the relationship between C.V. and plot size. Plot shape had no consistent effect on the C.V. but long and narrow plots running East-West showed lower C.V. with fixed experimental resources or cost, small plots were more efficient.
( ) found that in case of cowpea the C.V. decreased with the increase in the plot size. The well-known equation Y = aX-b gave a very good fit to the under lying relation between the C.V. (y) and plot size (xm2). The shape of the plot had no consistent effect on the C.V. The C.V. remained comparatively unchanged for the .block sizes 4, 6 and 10 and increased with the increase in block size thereafter.
( ) found that the C.V. Agarwal et al. 1968 Gopani et al. 1970 Shankar et al. 1972 Sreenath 1973 Sreenath and Marwaha 1977 Babu and Agrawal 1980 grasses. ( ) noted that in case of chickpea with 4 replications maximum precision could be obtained from a plot of size 1.80m x 5.00 m (5 m long, 6 rows spaced 30 cm apart). However, with this C.V. values, a difference of less than 17 per cent of the mean could not be detected. Therefore, larger plots were recommended so that differences of 10-15 per cent were detectable.
.( ) noted that the C.V. decreased with increase in plot size. The rate of decrease was higher for elongation in North-South direction compared with East-West direction. Blocking resulted in greater efficiency. Blocks having upto 9-12 plots and of a shape nearly square were efficient. For practical convenience plots longer in North-South direction and of smallest possible size in nearly square blocks of 9 to 12 plots were the best for oat. sizes of about 275 m for sandy loam field and 150 m for loamy sand field were found to be efficient. Also in 1985 they suggested that a plot size of 23 m for caster crop was found to be optimum when the crop was sown as a sole crop on rain feddry land at its optimum inter row distance of 90 cm. Variability due to any given plot size was found to depend on the crop geometry, among other factors. ( ) estimated the optimum plot size for yield of black gram. They found orientation of the plots did not affect accuracy of yield estimation. Eye estimation and crop harvests gave similar results. Yield estimation using plot sizes of 15 or 16 m2 and including an adjacent field as a sample unit, improved efficiency compared with the normal 25 m plot size.
( ) found that the optimum plot size for field experiments depends on the soil heterogeneity of plots in the field. A field heterogeneity index can be used to calculate optimum plot size, but the use of this index is affected by whether the value is persistent over years and crops. Yield data from four fields at the central experimental farm, Ottawa from 1986 to 1991, were used to investigate the persistence of a field heterogeneity index (b-value). The index was derived from the intra-class correlation in 274 experiments of either barley, oats or soya beans. For each field, in each year, the field map of the index was drawn based on the actual position of experiments in the field. A grid template was placed over the maps and the b-value at each grid point was obtained. The persistence of the index across different years was measured by two statistics: (1) A simple correlation of b-value between two corresponding sets of coordinates and (2) A percentage of the total number of grid points, in each paired set, where the bvalue categories matched (b = 0-0.3, 0.3 -0.7 and 0.7 -1.0). The former statistics measured the persistence of b-value across years, and the latter measured the pattern persistence, positive correlations were observed in two of the four fields, while the percentage of pattern persistence was 50 per cent or greater in five out of the 10 cases compared.
( ) investigated the relative efficiency of some experimental designs from optimum plot size and plots for evaluating faba bean yield. Optimum plot size for the two seasons studied was 0.6 x 3.5 m. In terms of experimental design, complete block was more efficient than complete
Pahuja and Mehra 1981
Handa et al 1982 Reddy et al. 1983 Rao and Prasad 1991 Lin et al. 1996 Saad 1996 randomization, double control was more efficient than single control, lattice designs were more efficient than randomized complete blocks and higher interaction was more efficient than lower and single factors.
( ) estimated soil heterogeneity from split-split plot design. They used a weighted regression analysis method to determine the soil heterogeneity from the ANOVA technique of the above design. They found optimum plot size depends on the relative costs per plot and per unit area. It also depends on high or low value of soil heterogeneity. In the field experiment of chickpea plot size had been taken as 72 m and using the technique they found optimum plot size should be 48 m and this shows approximately 33 per cent area of the field experiment as well as worker cost can be reduced.
( ) studied on the size and shape of plots with wheat. A uniformity trial conducted at Hisar, Haryana in 1998 on wheat cultivar WH-533 showed that the percentage coefficient of variation decreased with increase in plot size. The decrease was more rapid for elongation in North-South direction as compared to East-West direction. For a given experiment area, smallest plot was found to be efficient. For a given plot size, the coefficient of variation generally increased. With increased in number of plots per block. For a given block size, blocks elongated in East-West direction were more effective in reducing error variation than those elongated in North-South direction were more effective in reducing error variation than those elongated in North-South direction. Blocking resulted in greater efficiency Smith's law describing relationship between C.V and plot size was found to be satisfactory. Optimum plot size came out to be 5 units (5 m ) in most of the cases.
MATERIALS AND METHODS
An optimum plot size is the minimum size of the experimental unit for a given degree of precision. In other words the determination of optimum plot size requires the balancing between cost and precision. So, it depends upon soil variability (soil heterogeneity) and the cost structure involved at the various steps of experiments. The estimation of the cost is a tedious task and can be approximated by experienced agronomists. While for the evaluation of soil heterogeneity, the various schemes are available in the literature out of which ( ) process has been proved useful till today. The data needed for the estimation of soil heterogeneity is taken from uniformity trial. This information can also be simulated from the past experimental data. This helps in evaluating the soil heterogeneity coefficient through the past experimental data. In the following sections different methods for determining soil heterogeneity coefficient and the optimum plot size have been described.
Fair Field Smith's Variance Law
The optimum plot size may be fixed using Fairfield Smith's variance law. Where, S, P, B, R, T1, T2 and T1x2 indicates variance components due to sampling error, subplot error, main plot error, replication effect, main treatment effect, sub-treatment effect and interaction of main and sub plot treatments, respectively. The estimate of components of variates can be made from the ANOVA structure. The only difference in the expected mean square is split plot design and lattice design in the presence of λ coefficient (lattice design) which varies according to a This variance has been reduced to per unit basis by dividing by the number of units in the plot. The regression coefficient of logarithm of variance per plot (y') on logarithm of number of unit (x') is obtained by un-weighted least square fit and is given as b = {S x' y' -(Sx')(Sy')/n}/ {S (x')2 -S(x')2 /n} and V(b) = [{ S(y')2 -S(x' y')2/ S(x')2}/(n-2)]/ S(x')2 Estimation of soil heterogeneity from experimental data ( ) presented a method of weighting observed variances of different size plots. It leads to an unbiased estimates of soil heterogeneity coefficient with minimum variance. This method is suitable for both of uniformity trial data and experimental data. The analysis of variance is reconstructed to simulate the variances of different sizes plot has derived directly from uniformity trial data. It is in the same manner as suggested by ( ).
Estimation of soil heterogeneity from experimental data , considered arxqxpxs split-split plot design where they have 'r' replications, 'q' manipulates, 'p' subplots and 's' sub-sub plots. They estimated the variances corresponding to different sizes of plots and obtained from usual analysis of variance in split-split plot design ( ).
Hatheway and Williams 1958 Koch and Rigney 1951
Islam et al.2000 Table 2 Table 2: Analysis of variance for split-split plot design They obtained the variances of plots of various sizes and reduced to a sub plot basis. The replications were regarded as the largest plot, its variance V1' is equal to the replication mean square as it appeared in the analysis of variance, i.e., V1' = V1 The total sum of squares for whole plots over the entire area is r (q-1) V2 + (r-1) V1and there were r x q plots, the mean square is ). Then the estimate of weighted regression coefficient has been obtained. V1, V2, V3 and V4 are independent and their estimated variances are 2V12/(r-1), 2V22/(r-1) (q-1), 2V32/ q (r-1) (p-1), and 2V42/pq (r-1) (s-1) respectively.
Thereafter they determined the variance and covariance of V1', V2, V3' and V4' which are linear function of the former set. Now, the estimated variance of V1'=2V12/(r-1)
Then, the estimated covariance of V1' and V2' are as follows:
Cov (V1',V2')= {2(r-1)V12} /{(rq-1)(r-1)} Cov (V1',V3')= {2(r-1)V12} /{(rpq-1)(r-1)} Cov (V1',V4')= {2(r-1)V12} /{(rpqs-1)(r-1)} Cov (V2',V3')= {2(r-1)V12+2r2(q-1)V22/(r-1)} /{(rq-1)(pqr-1)} Cov (V2',V4')= {2(r-1)V12+2r2(q-1)V22/(r-1)} /{(rq-1)(spqr-1)} Cov (V3',V4')= {2(r-1)V12+2r2(q-1)V22/(r-1)+2qr2(p-1)V32/(r-1)} /{(pqr-1)s(pqr-1)} Indicating the inverse of above variance -covariance matrix by Zik , the weighted matrix Wikand is obtained by taking weights for Yi (=log Vi') and multiplying each row and column of the inverse matric by corresponding Vi'. They considered x1 = area of largest plot, x2 = area of the main plot, x3 = area of the sub plot, x4 = area of the sub-sub plot and log(V1') = y1, log(V2') =y2, log (V3') = y3, log (V4') = y4, log (xl) =x1', log (x2) = x2', log(x3) =x3', log(x4) =x4'as well as Xi=∑ Wik xi' and Yi=∑ Wikyi ; for all k, the sum of squares for x' indicated by T is T= ∑Xixi-(∑Xi)2/(∑∑Wik) and sum of product of y with x' indicated by U is U=∑XiYi-(∑Xi)( ∑Yi)/( ∑∑Wik)= ∑Xixi'-(∑Xi)( ∑Yi)/( ∑ ∑Wik)
Thus the weighted regression coefficient b=-U/T. Therefore, according to ( ), the optimum plot size Xopt=bK1/{(1-b)K2}, where, b is the soil heterogeneity, K1 is the over head cost per plot andK2 is the cost associated with unit size plot.The source of data for the present study is given in . Koch and Rigney, 1951 Smith 1938 Table 3 The result depicted a wide difference between the estimates of weighted and unweighted soil heterogeneity coefficient in all the past experimental data. Also it was found that weighted 'b' is less than unweighted 'b' in all the past experimental data except the experiment on grain yield of oat. Hatheway and ( ) also found lesser estimates of pea through weighted regression coefficient. Similarly the standard error of weighted regression coefficient were found to be less than Williams 1958 unweighted regression coefficient in all the cases indicating the more precise estimates could be obtained through weighted regression coefficient technique for determining the soil heterogeneity. The estimates of soil heterogeneity coefficients were found to be highest29.03% for the experiment of grain yield of hybrid maize conducted at Dholi Farm of ( ) followed by 19.45% for the experiment of grain yield of
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They obtained the variances of plots of various sizes and reduced to a sub plot basis. The replications were regarded as the largest plot, its variance V1' is equal to the replication mean square as it appeared in the analysis of variance, i.e., V1' = V1 The total sum of squares for whole plots over the entire area is r (q-1) V2 + (r-1) V1and there were r x q plots, the mean square is V2' = [r(q-l)V2 + (r-l)V1]/ (rq -1) Similarly, they considered V3' = [rq(p-l)V3 + r(q-l)V2 +(r-1) V1]/ (pqr -1) and V4' = [ pqr (s-1) V4 + rq (p-1) V3 + r (q-1) V2 + (r-1) V1 ]/ (sprq-1) The value of Vx were obtained by dividing each value of V' by the number of units per replication, main plot, sub plot and sub-sub plot putting them on a unit basis and the un-weighted regression coefficient has been obtained by the least square method.( ). Then the estimate of weighted regression coefficient has been obtained. V1, V2, V3 and V4 are independent and their estimated variances are 2V12/(r-1), 2V22/(r-1) (q-1), 2V32/ q (r-1) (p-1), and 2V42/pq (r-1) (s-1) respectively. Thereafter they determined the variance and covariance of V1', V2, V3' and V4' which are linear function of the former set.
Now, the estimated variance of
Then, the estimated covariance of V1' and V2' are as follows: Koch and Rigney, 1951 Cov (V1',V2')= {2(r-1)V12} /{(rq-1)(r-1)} Cov (V1',V3')= {2(r-1)V12} /{(rpq-1)(r-1)} Cov (V1',V4')= {2(r-1)V12} /{(rpqs-1)(r-1)} Cov (V2',V3')= {2(r-1)V12+2r2(q-1)V22/(r-1)} /{(rq-1)(pqr-1)} Cov (V2',V4')= {2(r-1)V12+2r2(q-1)V22/(r-1)} /{(rq-1)(spqr-1)} Cov (V3',V4')= {2(r-1)V12+2r2(q-1)V22/(r-1)+2qr2(p-1)V32/(r-1)} /{(pqr-1)s(pqr-1)} Indicating the inverse of above variance -covariance matrix by Zik, the weighted matrix Wik and is obtained by taking weights for Yi (=log Vi') and multiplying each row and column of the inverse matric by corresponding Vi'. They considered x1 = area of largest plot, x2 = area of the main plot, x3 = area of the sub plot, x4 = area of the sub-sub plot and log(V1') = y1, log(V2') =y2, log (V3') = y3, log (V4') = y4, log (xl) =x1', log (x2) = x2', log(x3) =x3', log(x4) =x4'as well as Xi=∑ Wik xi' and Yi=∑ Wikyi ; for all k, the sum of squares for x' indicated by T is T= ∑Xixi-(∑Xi)2/(∑∑Wik) and sum of product of y with x' indicated by U is U=∑XiYi-(∑Xi)( ∑Yi)/( ∑∑Wik)= ∑Xixi'-(∑Xi)( ∑Yi)/( ∑ ∑Wik) Thus the weighted regression coefficient b=-U/T. Therefore, according to ( ), the optimum plot size Xopt =bK1/{(1-b)K2}, where, b is the soil heterogeneity, K1 is the over head cost per plot andK2 is the cost associated with unit size plot. The source of data for the present study is given in .
RESULTS AND DISCUSSION
The result in the form of variance-covariance matrix, inverse of variance-covariance matrix, weight matrix .and calculation of weighted and unweighted analysis have been presented in different tables from for each past experimental data. In the weighted and unweighted value of 'b' has been produced. Table 3   Tables 4 to 8  Table 9 (2003) . In the rest of the experiments, the efficiency obtained is minor.
Smith 1938

Determination of optimum plot size under certain assumption
After having an idea of reliable soil heterogeneity coefficient from this studyoptimum plot size can be determined. For this purpose the ratio of cost of main plot and sub-plot has been calculated assuming the plot size taken as optimum plot size and the soil heterogeneity taken as an estimate of unweighted soil heterogeneity coefficient. In practice the ratio is difficult to determine and can be worked out by experienced agronomists. The procedure adopted for the ratio of K1/K2 is as follows: The ratio of K1/K2has been obtained by the formula Xopt={b/(1-b)}/( K1/K2); where, b is index of soil heterogeneity for unweighted regression coefficient. Putting the value of where, b is the index of soil heterogeneity for weighted regression coefficient. The result has been presented in which indicated the saving of the land to a considerable extent in almost all the past experiment except the experiment on grain yield of oat in which the optimum plot size comes to lesser than the actual plot size assumed. The result also indicated that in Pusa Farm the soil is more heterogeneous and in Dholi Farm the soil is less heterogeneous or to top soil is more heterogeneous and the bottom soil along with top soil is less heterogeneous. The exact comparison could be obtained by conducting an experiment with a similar crop at both the location. Effect of cost-ratio (K1/K2) on plot size at different values of weighted 'b' (index of soil heterogeneity) As suggested by ( ) the optimum plot size depends upon the soil heterogeneity and cost ratio. The different values of optimum plot size as affected by 'b' , K1/K2 for the crops sugarcane, hybrid maize and wheat at concerned locations have been computed in the respectively. For a particular level of cost ratio and soil heterogeneity coefficient the bigger plot size are required for sugarcane followed by hybrid maize and then wheat. In case of sugarcane, the different values of ratio of K1 and K2 looks quite closer to each other. This indicated that the cost ratios do not play much role on the determination of the sugarcane crops, whereas in case of hybrid maize and wheat, cost ratios are quite apart to each other. This indicates that the cost ratio K1/K2 has the considerable effect in the determination of plot size. In all the tables it can be seen that the optimum plot size are smaller for the low value of soil heterogeneity index and gradually increases in quadratic fashion for the higher values of soil heterogeneity indices. Having the good estimates of soil heterogeneity indices and the cost ratios, the above table Smith 1938   Table 11 to 13 can be utilized for obtaining the optimum plot size for sugarcane, hybrid maize and wheat.
CONCLUSION
Maximum curvature method and Fair field Smith's variance law are the two important methods for the determination of the optimum plot size of an experimental plot. Out of which the latter has been widely used till today. The information required is obtained from the uniformity trial experiment. The conduct of the uniformity trial is costly and time consuming. Therefore, in the present study an attempt has been made to attain the device a method using the data from the past experimental data conducted in the split plot design. Optimum plot size under certain assumptions indicated the saving of the land to a considerable extent in almost all thepart experiments except the experiment on grain yield of oat in which the optimum plotsizecomes to lesser than the actual plot size assumed. The result also indicated that in Pusa Farm the soil is more heterogeneous and the bottom soil along with top soil isless heterogeneous. The exact comparison could be obtained by conducting an experiment with a similar crop at both the locations.
